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TITLE OF THE INVENTION 

Nitride Based Semiconductor Laser Device and Method of 
Fabricating the same 
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i BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a nitride based 
semiconductor laser device fabricated using a transparent 
substrate having conductive properties composed of gallium 
2 10 nitride (GaN) , silicon carbide (SiC) , or the like and a method 
of fabricating the same. 

In this case, a Group III-V nitride based semiconductor 
such as BN (boron nitride), GaN (gallium nitride), A1N 
(aluminum nitride), InN (indium nitride), or TIN (thallium 



15 nitride), or their mixed crystal is referred to as a nitride 
based semiconductor . 



Description of the Background Art 

Fig. 12 is a schematic perspective view showing the 
20 structure of a conventional GaN based semiconductor laser 
device constructed by forming a nitride based semiconductor 
layer on a transparent GaN substrate having conductive 
properties . 

The semiconductor laser device shown in Fig. 12 is 
25 constructed by stacking an n-AlGaN cladding layer 52, an n-GaN 



optical guide layer 53, an MQW active layer 54, a P-GaN cap 
layer 55, a p-GaN optical guide layer 56, and a p-AlGaN 
cladding layer 57 in this order on a transparent GaN substrate 
51 having conductive properties. A ridge portion 50 is formed 
on the p-AlGaN cladding layer 57. An n-AlGaN current blocking 
layer 58 is formed on a flat portion of the p-AlGaN cladding 
layer 57, and a p-GaN contact layer 59 is further formed on 
the n-AlGaN current blocking layer 58 and the p-AlGaN cladding 
layer 57 including the ridge portion 50. 



10 An n electrode 60 is formed on the whole of an upper 

% surface of the GaN substrate 51, and a p-electrode 61 is formed 

^ on a predetermined region of the p-GaN contact layer 59. 

ih. 

fH In such a semiconductor laser device, a dielectric film 



(not shown) composed of one layer or a plurality of layers 
15 is formed at both facets along its cavity length. The 

following are two purposes of forming such a dielectric film 

in the semiconductor laser device. 

One of the purposes is to protect the facets along the 

cavity length of the semiconductor laser device. That is, 
20 the dielectric film is exerted as a facet protective film, 

thereby preventing each of the layers exposed at the facets 

along the cavity length from being oxidized. 

The other purpose is to adjust the total number of layers 

composing the dielectric film and the thickness thereof to 
25 adjust the reflectance of the dielectric film at each of the 
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facets along the cavity length of the semiconductor laser 
device. Consequently, desired device characteristics can be 
obtained in the semiconductor laser device. 

For example, in the dielectric film formed at each of 
5 the facets along the cavity length, the number of layers 
composing the dielectric film and the thickness thereof are 
adjusted such that its reflectance at the facet on the side 
5 of laser light emission (hereinafter referred to as a front 

facet) is low and its reflectance at the facet on the opposite 
10 side thereof (hereinafter referred to as a rear facet) is 
high. Consequently, the amount of light emitted from the 
front facet can be increased, thereby increasing the output 
power of the semiconductor laser device. 

As described in the foregoing , in the semiconductor 
15 laser device, dielectric films having different reflectances 
are respectively formed at the front facet and the rear facet. 
In a semiconductor laser apparatus using such a semiconductor 
laser device, the semiconductor laser device is arranged on 
a sub-mount or the like in correct forward and backward 
20 directions so as to be normally operated. 

However, it is difficult to distinguish the forward 
and backward directions in the conventional semiconductor 
laser device, as shown in Fig. 12. Accordingly, it takes much 
time to distinguish the directions. In a semiconductor laser 
25 apparatus using such a semiconductor laser device, therefore, 
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the yield in the assembling process is low, and the work 
efficiency in the assembling process is reduced. As a result, 
the fabrication efficiency of the semiconductor laser 
apparatus is reduced, and the fabrication cost thereof is 
raised . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
nitride based semiconductor laser device capable of easily 
distinguishing forward and backward directions along its 
cavity length and a method of fabricating the same. 

A nitride based semiconductor laser device according to 
an aspect of the present invention comprises a transparent 
substrate having conductive properties; a nitride based 
semiconductor layer formed on one surface of the transparent 
substrate and constituting a cavity; a first ohmic electrode 
of a first conduction type formed on the other surface of the 
transparent substrate; and a second ohmic electrode of a 
second conduction type formed on the nitride based 
semiconductor layer, at least one of the first and second 
ohmic electrodes being formed in such a shape or arrangement 
that the forward and backward directions along the cavity 
length of the nitride based semiconductor layer can be 
distinguished. 

In the nitride based semiconductor laser device 
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according to the present invention, at least one of the first 
and second ohmic electrodes is formed in such a shape or 
arrangement that the forward and backward directions along 
the cavity length of the nitride based semiconductor laser 
device can be distinguished. In the nitride based 
semiconductor laser device, therefore, it is possible to 
easily and accurately distinguish the forward and backward 



3 directions of the device along the cavity length on the basis 

W of the shape or arrangement of at least one of the first and 



10 second ohmic electrodes 



In the nitride based semiconductor laser device in which 
!L both the first and second ohmic electrodes are formed in such 

a shape or arrangement that the front and the rear of the 
*L e device can be distinguished, when the device is observed from 

^ 15 the transparent substrate, the shape or arrangement of the 
first ohmic electrode can be directly confirmed. 
Consequently, in this case, it is possible to easily and 
accurately distinguish the forward and backward directions 
of the device on the basis of the shape or arrangement of the 
20 first ohmic electrode. When the device is observed from the 
nitride based semiconductor layer, the shape or arrangement 
of the second ohmic electrode can be directly confirmed. 
Consequently, in this case, it is possible to easily and 
accurately distinguish the forward and backward directions 
25 of the device on the basis of the shape or arrangement of the 



second ohmic electrode. 

As described in the foregoing, in the nitride based 
semiconductor laser device in which both the first and second 
ohmic electrodes are formed in such a shape or arrangement 
that the forward and backward directions of the device can 
be distinguished, even when the device is observed from either 
the transparent substrate or the nitride based semiconductor 
layer, it is possible to easily and accurately distinguish 
the forward and backward directions of the device. 

On the other hand, in the nitride based semiconductor 
laser device in which only the first ohmic electrode is formed 
in such a shape or arrangement that the forward and backward 
directions of the device can be distinguished, when the device 
is observed from the transparent substrate, the shape or 
arrangement of the first ohmic electrode can be directly 
confirmed. Consequently, in this case, it is possible to 
easily and accurately distinguish the forward and backward 
directions of the device on the basis of the shape or 
arrangement of the first ohmic electrode. When the device 
is observed from the nitride based semiconductor layer, the 
first ohmic electrode cannot be directly confirmed. However, 
the nitride based semiconductor layer and the transparent 
substrate are transparent. Accordingly, the first ohmic 
electrode formed on the opposite side (on the side of the 
transparent substrate) can be seen upon penetrating through 



the transparent substrate and the nitride based semiconductor 
layer. Even when the device is observed from the nitride based 
semiconductor layer, therefore, the shape or arrangement of 
the first ohmic electrode can be confirmed. 

In the nitride based semiconductor device in which only 
the second ohmic electrode is formed in such a shape or 
arrangement that the forward and backward directions of the 
device can be distinguished, when the device is observed from 
the nitride based semiconductor, the shape or arrangement of 
the second ohmic electrode can be directly confirmed. 
Consequently, in this case, it is possible to easily and 
accurately distinguish the forward and backward directions 
of the device on the basis of the shape or arrangement of the 
second ohmic electrode. When the device is observed from the 
transparent substrate, the second ohmic electrode cannot be 
directly observed. However, the nitride based semiconductor 
layer and the transparent substrate are transparent. 
Accordingly, the second ohmic electrode formed on the 
opposite side (on the side of the nitride based semiconductor 
layer) can be seen upon penetrating through the transparent 
substrate and the nitride based semiconductor layer. Even 
when the device is observed from the transparent substrate, 
therefore, the shape or arrangement of the second ohmic 
electrode can be confirmed. 

As described in the foregoing, in the nitride based 
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semiconductor laser device in which only one of the first and 
second ohmic electrodes is formed in such a shape or 
arrangement that the forward and backward directions of the 
device can be distinguished, even when the device is observed 
5 from either the transparent substrate or the nitride based 
semiconductor layer, it is possible to easily and accurately 
distinguish the forward and backward directions of the 
O device . 

W In a case where the nitride based semiconductor laser 

10 device according to the present invention is used for a 



semiconductor laser apparatus, it is possible to easily and 
accurately distinguish the forward and backward directions 
of the device, as described above. Accordingly, the device 
can be arranged in a correct direction, to assemble the 

15 apparatus. Therefore, the yield at the time of the assembling 
process of the semiconductor laser apparatus is improved. In 
this case, it does not take much time to distinguish the 
forward and backward directions of the device. Accordingly, 
the tact time in the assembling process of the semiconductor 

20 laser apparatus can be shortened, and the work efficiency in 
the assembling process is improved. 

In the semiconductor laser device using the nitride 
based semiconductor laser device according to the present 
invention, the fabrication efficiency thereof is improved, 

25 and the fabrication cost thereof is reduced. 
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The first ohmic electrode and the second ohmic electrode 
may have different shapes. In this case, it is possible to 
easily and accurately distinguish the forward the backward 
directions of the device on the basis of the shape of at least 
5 one of the first and second ohmic electrodes. Further, the 
main surface and the reverse surface of the nitride based 
semiconductor laser device can be distinguished on the basis 
O of the first and second ohmic electrodes. Consequently, the 

K? nitride based semiconductor laser device is used for the 

CO 

»M 10 semiconductor laser apparatus, thereby further improving the 
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fabrication efficiency of the semiconductor laser device as 
well as further reducing the fabrication cost thereof. 

The first ohmic electrode and the second ohmic electrode 
2LI may have the same shape. Further, the second ohmic electrode 

^ 15 may be arranged on a region different from a region above a 
region where the first ohmic electrode is formed in the 
nitride based semiconductor layer. In this case, it is 
possible to easily and accurately distinguish the forward and 
backward directions on the basis of the shape of at least one 
20 of the first and second ohmic electrodes. 

Particularly when the second ohmic electrode is 
arranged on the region different from the region above the 
region where the first ohmic electrode is formed in the 
nitride based semiconductor layer, the main surface and the 
25 reverse surface of the device can be further distinguished 



10 

on the basis of the arrangements of the first and second ohmic 
electrodes. Consequently, the nitride based semiconductor 
laser device is used for the semiconductor laser apparatus, 
thereby further improving the fabrication efficiency of the 
5 semiconductor laser apparatus as well as further reducing the 
fabrication cost thereof. 

The transparent substrate may be composed of gallium 
nitride or silicon carbide. Further, the nitride based 
semiconductor layer may contain at least one of gallium, 

10 aluminum, indium, boron, and thallium. 

At least one of the first and second ohmic electrodes 
is asymmetric with respect to a line passing through a center 
point of the cavity length and vertical to the cavity length 
direction. In this case, at least one of the first ohmic 

15 electrode and the second ohmic electrode has different shapes 
ahead of and behind the device. Accordingly, it is possible 
to distinguish the forward and backward directions of the 
device on the basis of the shape of at least one of the first 
and second ohmic electrodes. 

20 The nitride based semiconductor layer may have a striped 

current injection region, and the first and second ohmic 
electrodes may respectively have regions opposite to the 
striped current injection region. In this case, it is 
possible to sufficiently inject a current into the whole of 

25 the striped current injection region of the nitride based 
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semiconductor layer . 

The nitride based semiconductor laser device may 
further comprise dielectric films respectively formed at a 
front facet and a rear facet of the cavity. The dielectric 
5 films respectively formed at the front facet and the rear 
facet of the cavity may have different reflectances. Even 
in this case, it is possible to easily and accurately 
distinguish the front and the rear of the device. 

The nitride based semiconductor layer may comprise a 

10 cladding layer of a first conduction type, an active layer, 
and a cladding layer of a second conduction type. 

A method of fabricating a nitride based semiconductor 
laser device according to another aspect of the present 
invention comprises the steps of forming a nitride based 

15 semiconductor layer on a transparent substrate having 
conductive properties; forming a first ohmic electrode of a 
first conduction type on a predetermined region on the other 
surface of the transparent substrate, and forming a second 
ohmic electrode of a second conduction type on the nitride 

20 based semiconductor layer; and dividing the transparent 
substrate, together with the nitride based semiconductor 
layer, to form a front facet and a rear facet to form a cavity, 
the step of forming the first and second ohmic electrodes 
comprising the step of forming at least one of the first and 

25 second ohmic electrodes in such a shape or arrangement that 
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the forward and backward directions along the cavity length 
can be distinguished. 

In the method of fabricating the nitride based 
semiconductor laser device according to the present 
5 invention, in the electrode forming step, at least one of the 
first and second ohmic electrodes is formed in such a shape 
or arrangement that the forward and backward directions along 
the cavity length of the nitride based semiconductor laser 
device can be distinguished. Thereafter, the front facet and 

10 the rear facet are formed to form the cavity in accordance 
with the forward and backward directions along the cavity 
length based on the shape or arrangement of at least one of 
the first and second ohmic electrodes. 

In the method of fabricating the nitride based 

15 semiconductor laser device, in the electrode forming step, 
at least one of the first and second ohmic electrodes is formed 
in such a shape or arrangement that the forward and backward 
directions along the cavity length of the nitride based 
semiconductor laser device can be distinguished. In the 

20 nitride based semiconductor laser device formed by such a 
method, it is possible to easily and accurately distinguish 
the forward and backward directions of the device along the 
cavity length on the basis of the shape or arrangement of at 
least one of the first and second ohmic electrodes. 

25 According to the method, therefore, it is possible to 
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form the nitride based semiconductor laser device capable of 
easily and accurately distinguishing the forward and backward 
directions of the device along the cavity length. 

Even in a case where the nitride based semiconductor 
5 laser device formed by the above-mentioned method is used for 
a semiconductor laser apparatus, it is possible to easily and 
accurately distinguish the forward and backward directions 
O of the device, as described above. Accordingly, the device 

£8 is arranged in a correct direction, thereby making it possible 

Gf 10 to assemble the apparatus. Therefore, the yield at the time 
of the assembling process of the semiconductor laser 

yys 

!L apparatus is improved. In this case, it does not take much 

time to distinguish the forward and backward directions of 

HJ 

jL? the device. Accordingly, the tact time in the assembling 

rr * 15 process of the semiconductor laser apparatus can be 

shortened, and the work efficiency in the assembling process 

is improved. 

According to the method of fabricating the nitride based 
semiconductor laser device, therefore, it is possible to 
20 improve the fabrication efficiency of the semiconductor laser 
device as well as to reduce the fabrication cost thereof. 

The fabricating method may further comprise the step of 
respectively forming dielectric films at the front facet and 
the rear facet. In this case, the dielectric films having 
25 different reflectances are respectively formed at the front 
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facet and the rear facet in the cavity length direction in 
accordance with the forward and backward directions along the 
cavity length based on the shape or arrangement of at least 
one of the first and second ohmic electrodes. 

Thus in the method of fabricating the nitride based 
semiconductor laser device, in the dielectric film forming 
step, the dielectric films having different reflectances are 
respectively formed at the front facet and the rear facet in 



§3 accordance with the forward and backward directions along the 



l Jf 10 cavity length based on the shape or arrangement of at least 
f !! one of the first and second ohmic electrodes. In the 



dielectric film forming step, therefore, the dielectric films 
having the most suitable reflectances can be respectively 
2^ formed at the front facet and the rear facet at high efficiency 

15 and with a high yield. 

The step of forming the first and second ohmic 
electrodes may comprise the step of forming the first ohmic 
electrode and the second ohmic electrode in different shapes. 
In the nitride based semiconductor laser device fabricated 
20 by such a method, it is possible to easily and accurately 
distinguish the forward and backward directions of the device 
on the basis of the shape of at least one of the first and 
second ohmic electrodes, and it is further possible to 
distinguish the main surface and the reverse surface of the 
25 nitride based semiconductor laser device on the basis of the 



shapes of the first and second ohmic electrodes. 
Consequently, the nitride based semiconductor laser device 
fabricated by such a method is used for the semiconductor 
laser apparatus, thereby further improving the fabrication 
efficiency of the semiconductor laser device as well as 
further reducing the fabrication cost thereof. 

The step of forming the first and second ohmic 
electrodes may comprise the step of forming the first ohmic 
electrode and the second ohmic electrode in the same shape. 
Further, the step of forming the first and second ohmic 
electrodes may comprise the step of arranging the second ohmic 
electrode on a region different from a region above a region 
where the first ohmic electrode is formed in the nitride based 
semiconductor layer. In the nitride based semiconductor 
laser device fabricated by such a method, it is possible to 
easily and accurately distinguish the front and rear of the 
device on the basis of the shape of at least one of the first 
and second ohmic electrodes . 

Particularly when the second ohmic electrode is 
arranged on the region different from the region above the 
region where the first ohmic electrode is formed in the 
nitride based semiconductor layer, it is possible to further 
distinguish the main surface and the reverse surface of the 
device on the basis of the arrangements of the first and second 
ohmic electrodes. Consequently, the nitride based 
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semiconductor laser device fabricated by such a method is used 
for the semiconductor laser apparatus, thereby further 
improving the fabrication efficiency of the semiconductor 
laser device as well as further reducing the fabrication cost 
5 thereof . 

The transparent substrate may be composed of gallium 
nitride or silicon carbide. The nitride based semiconductor 
tjj layer may contain at least one of gallium, aluminum, indium, 

CQ boron, and thallium. 

E0 10 The step of forming the first and second ohmic 

electrodes may comprise the step of arranging at least one 
^ of the first and second ohmic electrodes so as to be asymmetric 

*r with respect to a line passing through a center point of the 

DJ 

|] cavity length and vertical to the cavity length direction. 

^* 15 In this case, at least one of the first ohmic electrode and 
the second ohmic electrode has different shapes ahead of and 
behind the device. Consequently, it is possible to 
distinguish the forward and backward directions of the device 
on the basis of the shape of at least one of the first and 
20 second ohmic electrodes . 

The nitride based semiconductor layer may have a striped 
current injection region, and the first and second ohmic 
electrodes may respectively have regions opposite to the 
striped current injection region. In this case, it is 
25 possible to sufficiently inject a current into the whole of 
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the striped current injection region of the nitride based 
semiconductor layer . 

The dielectric films respectively formed at the front 
facet and the rear facet of the cavity may have different 
5 reflectances. Even in this case, it is possible to easily 
and accurately distinguish the front and rear of the device. 
The foregoing and other objects, features, aspects and 
£j advantages of the present invention will become more apparent 

VfcJ 

00 from the following detailed description of the present 

ffi 

Si! 10 invention when taken in conjunction with the accompanying 

4* 

M* drawings . 

<o 

W BRIEF DESCRIPTION OF THE DRAWINGS 

ru 

9*5* 

y a Fig. 1 is a schematic perspective view showing a first 

15 example of a semiconductor laser device according to the 
present invention ; 

Fig. 2 is a schematic plan view in a case where the 
semiconductor laser device shown in Fig. 1 is observed from 
a p-GaN contact layer and a case where it is observed from 
20 a transparent substrate; 

Fig. 3 is a schematic perspective view showing a second 
example of the semiconductor laser device according to the 
present invention ; 

Fig. 4 is a schematic plan view in a case where the 
25 semiconductor laser device shown in Fig. 2 is observed from 
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a p-GaN contact layer and a case where it is observed from 
a transparent substrate; 

Fig. 5 is a schematic perspective view showing a third 
example of the semiconductor laser device according to the 
present invention ; 

Fig. 6 is a schematic plan view in a case where the 
semiconductor laser device shown in Fig. 5 is observed from 
a p-GaN contact layer and a case where it is observed from 
a transparent substrate; 

Fig. 7 is a schematic perspective view showing a fourth 
example of the semiconductor laser device according to the 
present invention ; 

Fig. 8 is a schematic plan view in a case where the 
semiconductor laser device shown in Fig. 7 is observed from 
a p-GaN contact layer and a case where it is observed from 
a transparent substrate; 

Fig. 9 is a schematic perspective view showing a fifth 
example of the semiconductor laser device according to the 
present invention ; 

Fig. 10 is a schematic plan view in a case where the 
semiconductor laser device shown in Fig. 9 is observed from 
a p-GaN contact layer and a case where it is observed from 
a transparent substrate; 

Fig. 11 is a schematic plan view in a case where a sixth 
example of the semiconductor laser device according to the 



present invention is observed from a p-GaN contact layer and 
a case where it is observed from a transparent substrate; and 
Fig* 12 is a schematic perspective view showing a 
conventional GaN based semiconductor laser device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a schematic perspective view showing a first 
example of a nitride based semiconductor laser device 
according to the present invention. 

As shown in Fig. 1, a semiconductor laser device 500 is 
constructed by stacking an n-AlGaN cladding layer 11, an n-GaN 
optical guide layer 12, an MQW active layer 13 having a 
multi-quantum well (MQW) structure, a p-GaN cap layer 14, a 
p-GaN optical guide layer 15, and a p-AlGaN cladding layer 
16 in this order on a transparent substrate 100 having 
conductive properties composed of GaN, SiC, etc. A striped 
ridge portion 19 is formed in the p-AlGaN cladding layer 16. 
On the other hand, an n-AlGaN current blocking layer 17 is 
formed on a flat portion of the p-AlGaN cladding layer 16. 
A p-GaN contact layer 18 is formed on the n-AlGaN current 
blocking layer 17 and on the p-AlGaN cladding layer 16 
including the ridge portion 19. 

As described in the foregoing, the semiconductor laser 
device 500 has a striped structure. 

An n electrode 1 is formed so as to cover the whole of 
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a striped region 19a below the ridge portion 19 as well as 
to cover a square region including a part of the striped region 
19a on a face on the opposite side of a crystal growth plane 
of the transparent substrate 100 (hereinafter referred to as 
5 a reverse surface). 

In this case, a square region of the n electrode 1 is 
arranged near the center along the cavity length of the 
rg transparent substrate 100. Consequently, the area of the 

y(j striped region 19a on the side of a facet A and the area of 

£|j 10 the striped region on the side of a facet B are approximately 

equal to each other, 
e On the other hand, on the p-GaN contact layer 18, a p 

□ 

CO electrode 2 is formed so as to cover the whole of the striped 

flJ 

9* region 19a above the ridge portion 19 and so as to cover the 

15 square region including a part of the striped region 19a. 

In this case, a square region of the p electrode 2 is 
formed at a position nearer the facet A. Consequently, the 
area of the striped region 19a on the side of the facet A is 
smaller than the area of the striped region 19a on the side 
20 of the facet B. 

Thus in the semiconductor laser device 500, the n 
electrode 1 and the p electrode 2 have different shapes, and 
the p electrode 2 has an asymmetric shape in the cavity length 
direction . 

25 Generally in the semiconductor laser device having a 
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striped structure, the n electrode 1 and the p electrode 2 
are formed so as to cover the whole of the striped region 19a, 
as in the example, in order to uniformly inject a current into 
the whole of the striped region 19a. The n electrode may not, 
5 in some cases, be formed in the vicinity of an end of the 
striped region 19a from any reason, as in an example, 
described later . 

gj In the semiconductor laser device 500, the facet A in 

EJ the cavity length direction is an emission surface of laser 

6Q 10 light, and a dielectric film (not shown) having a low 
reflectance is formed at the facet A. In this case, the facet 
8 A is taken as a front facet in the cavity length direction 

£n (hereinafter referred to as a front facet), and a portion, 

on the side of the facet A, of the semiconductor laser device 
15 500 is taken as the front thereof. 

On the other hand, a dielectric film (not shown) having 
a high reflectance is formed at the other facet B in the cavity 
length direction. In this case, the facet B is taken as a 
rear facet in the cavity length direction (hereinafter 
20 referred to as a rear facet), and a portion, on the side of 
the facet B, of the semiconductor laser device 500 is taken 
as the rear thereof. 

In the semiconductor laser device 500, therefore, a 
portion, where the square region of the p electrode 2 is 
25 arranged, of the device, that is, a portion, where the area 
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of the striped region 19a in the p electrode 2 is small, of 
the device corresponds to the front thereof, and a portion, 
where the area of the striped region 19a in the p electrode 
2 is large, of the device corresponds to the rear thereof. 
5 In the semiconductor laser device 500, the dielectric 

film having a low reflectance is formed at the front facet, 
and the dielectric film having a high reflectance is formed 
C3 at the rear facet. In the semiconductor laser device 500, 

By therefore, the amount of light emitted from the front facet 

m 

CO 10 is increased, thereby making it possible to achieve high 
output power . 

Fig. 2 is a schematic plan view for explaining the 
positional relationship between the n electrode 1 and the p 
electrode 2. Fig. 2(a) is a diagram in a case where the 
15 semiconductor laser device 500 is observed from the p-GaN 
contact layer 18, and Fig. 2(b) is a diagram in a case where 
the semiconductor laser device 500 is observed from the 
reverse surface of the transparent substrate 100. 

In Figs. 2(a) and 2(b) , a region enclosed by two broken 
20 lines indicates a striped region 19a above and below the ridge 
portion 19 . A hatched portion indicates an electrode portion, 
on the opposite side of the transparent substrate 100, which 
can be seen upon penetrating through the transparent 
substrate 100 and each of the layers 11 to 18. 
25 In the semiconductor laser device 500, each of the 
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layers 11 to 18 and the transparent substrate 100 are 
transparent, and the n electrode 1 and the p electrode 2 are 
formed at different positions. When the semiconductor laser 
device 500 is observed from the p-GaN contact layer 18, as 
5 shown in Fig. 2(a), therefore, the p electrode 2 can be 
directly observed, and a predetermined portion of the n 
electrode 1 formed on the opposite side, that is, on the side 
£} of the reverse surface of the transparent substrate 100 can 

KJ be observed upon penetrating through each of the layers 11 

10 to 18 and the transparent substrate 100. 
M* The predetermined portion of the n electrode 1 observed 

B in this case is a portion, of the n electrode 1, whose shape 

@ 

¥ E does not coincide with the shape of the p electrode 2, that 

ry 

^ is, a portion, of the n electrode 1, extending out of a p 

^ 15 electrode forming region. Here, a part of the n electrode 

I is observed on the side of the facet B. 

On the other hand, when the semiconductor laser device 
500 is observed from the reverse surface of the transparent 
substrate 100, as shown in Fig. 2(b), the n electrode 1 can 
20 be directly observed, and a predetermined portion of the p 
electrode 2 formed on the opposite side, that is, on the side 
of the p-GaN contact layer 18 can be observed upon penetrating 
through the transparent substrate 100 and each of the layers 

II to 18. 

25 The predetermined portion of the p electrode 2 observed 
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in this case is a portion, of the p electrode 2, whose shape 
does not coincide with the shape of the n electrode 1 , that 
is, a portion, of the p electrode 2, extending out of an n 
electrode forming region. A part of the p electrode 2 is 
5 observed on the side of the facet A. 

As described in the foregoing, in the semiconductor 
laser device 500, the portion, where the square region of the 
£j p electrode 2 is arranged offset (on the side of the facet 

£0 A), of the device corresponds to the front thereof, and the 

Cp 

py 10 portion, on the opposite side (on the side of the facet B) , 

{ml of the device corresponds to the rear thereof . 

:;:r, 

s When the semiconductor laser device 500 is observed from 

fin the p-GaN contact layer 18, the portion, where the square 

ru 

£p region of the p electrode 2 is arranged offset, of the device 

r.™i 

15 can be directly confirmed, as shown in Fig. 2(a). In this 
case, the n electrode 1 formed on the opposite side in a region 
where the p electrode 2 is not arranged can be seen upon 
penetrating through the transparent substrate 100 and each 
of the layers 11 to 18. Accordingly, the portion, where the 

20 p electrode 2 is arranged offset, of the device can be 
confirmed . 

As described in the foregoing, when the semiconductor 
laser device 500 is observed from the p-GaN contact layer 18, 
the portion, where the square region of the p electrode 2 is 
25 arranged offset, of the device, that is, the front of the 
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device can be easily identified. Consequently, it is possible 
to easily and accurately distinguish the forward and backward 
directions of the device. 

When the semiconductor laser device 500 is observed from 
5 the reverse surface of the transparent substrate 100, the p 
electrode 2 formed on the opposite side can be seen upon 
penetrating through the transparent substrate 100 and each 
q of the layers 11 to 18, as shown in Fig. 2(b). Accordingly, 

fR the portion, where the p electrode 2 is arranged offset, of 

i 

m 10 the device can be confirmed. Even in this case, therefore, 

^ the portion, where the square region of the p electrode 2 is 

*0 

e arranged offset, of the device, that is, the front of the 

CI 

ffS device can be easily identified. Consequently, it is possible 

§1 to easily and accurately distinguish the forward and backward 

h* 15 directions of the device. 

Thus in the semiconductor laser device 500, even when 
the device is observed from either the p-GaN contact layer 
18 or the reverse surface of the transparent substrate 100, 
it is possible to easily and accurately distinguish the 
20 forward and backward directions of the device on the basis 
of the shapes and the forming positions of the n electrode 
1 and the p electrode 2. 

Furthermore, in the semiconductor laser device 500, the 
n electrode 1 and the p electrode 2 differ in the shape. 
25 Accordingly, it is possible to easily distinguish the main 



m 



2 6 



surface and the reverse surface of the device on the basis 
of the shapes of the electrodes 1 and 2. 

At the time of fabricating the semiconductor laser 
device 500, the layers 11 to 18 are first grown on the 
5 transparent substrate 100. Thereafter, the n electrode 1 and 
the p electrode 2 are formed at the above-mentioned positions 
in the above-mentioned shape by an etching method or a 
fn lift-off method. The order in which the n electrode 1 and 

m 

£0 the p electrode 2 are formed is arbitrary. 

CO 

f|g 10 The n electrode 1 in this case is constructed by stacking 

\*& a Ti film, an Al film and a Ti film in this order, is 
2 constructed by stacking a Ti film and an Al film in this order, 

is constructed by stacking an Ni film, a Ti film and an Au 
film in this order, or is constructed by stacking a Ti film. 



h* 15 a Pt film and an Au film in this order. 

On the other hand, the p electrode 2 in this case is 
composed of an Ni film, is constructed by stacking a Ti film, 
a Pt film and an Au film in this order, is constructed by 
stacking a Pd film, a Pt film and an Au film in this order, 
20 is constructed by stacking an Ni film, an Au film, a Ti film 
and an Au film in this order, is constructed by stacking an 
Ni film and an Au film in this order, or is constructed by 
stacking an Ni film, a Pt film and an Au film in this order. 
A combination of a material for forming the n electrode 
25 1 and a material for forming the p electrode 2 is arbitrary. 
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As described in the foregoing, the n electrode 1 and the 
p electrode 2 which differ in the shape are formed at positions 
which are shifted from each other, and the layers 11 to 18, 
together with the transparent substrate 100, are divided by 
5 cleavage. Consequently, the facet A and the facet B are 
exposed, to produce a cavity. Further, dielectric films 
having suitable reflectances are respectively formed at the 
p facets A and B. 

gQ The dielectric film is formed by stacking a plurality 

HI 10 of films such as an SiO z film and a TiO z film, for example. 



In such a dielectric film, the type of layers composing the 
* dielectric film, the number of layers composing the 



FU 



dielectric film, and the thickness of the dielectric film are 
adjusted, thereby adjusting the reflectance. In this case, 
&r 15 a dielectric film having a low reflectance is formed at the 
facet A to be a front facet, and a dielectric film having a 
high reflectance is formed at the facet B to be a rear facet, 
as described above. 

In this case, the n electrode 1 and the p electrode 2 
20 which differ in the shape are formed at positions which are 
shifted from each other are formed, as described above, in 
the electrode forming step. Accordingly, it is possible to 
easily distinguish the forward and backward directions of the 
device on the basis of the shapes and the forming positions 
25 of the n electrode 1 and the p electrode 2. Consequently, 
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in the dielectric film forming step, it is possible to form 
a dielectric film having a reflectance suitable for each of 
the facets A and B at high efficiency and with a high yield. 
After the dielectric film is thus formed, the layers 11 
5 to 18, together with the transparent substrate 100, are 
divided by cleavage into semiconductor laser devices 500. 

Finally, the semiconductor laser device 500 fabricated 
Q in the above-mentioned manner is arranged on a sub-mount or 
£0 the like, thereby assembling a semiconductor laser apparatus. 

m 

00 10 As described above, in the semiconductor laser device 

500, even when the device is observed from either the reverse 

yp 

= surface of the transparent substrate 100 or the p-GaN contact 

layer 18, it is possible to easily and accurately distinguish 

fy 

the forward and backward directions of the device on the basis 
15 of the forming positions of the n electrode 1 and the p 
electrode 2 . 

In the semiconductor laser apparatus using the 
semiconductor laser device 500, therefore, it is possible to 
easily and accurately distinguish the forward and backward 

20 directions of the semiconductor laser device 500 as well as 
to arrange the semiconductor laser device 500 on a sub-mount 
or the like in a correct direction to assemble the apparatus. 
Therefore, the yield in the assembling process of the 
semiconductor laser apparatus is improved. 

25 In this case, it does not take much time to distinguish 
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the forward and backward directions of the device, thereby 
making it possible to shorten the tact time in the assembling 
process- Consequently, the work efficiency in the assembling 
process of the semiconductor laser apparatus is improved. 
5 As described in the foregoing, in the semiconductor 

laser apparatus using the semiconductor laser device 500, the 
fabrication efficiency thereof is improved, and the 
£5 fabrication cost thereof is reduced. 

Q3 Fig. 3 is a schematic perspective view showing a second 

r|| 10 example of the semiconductor laser device according to the 
present invention. A semiconductor laser device 501 shown 

s in Fig. 3 has the same structure as the semiconductor laser 

I: 

CP device 500 shown in Fig. 1 except for the following. 

ru 

Crt As shown in Fig. 3, in the semiconductor laser device 

15 501, an n electrode 3 having a projected shape is formed on 
the reverse surface of a transparent substrate 100. In this 
case, the n electrode 3 is not formed in the vicinity of an 
end of a striped region 19a. 

In the semiconductor laser device 501 in this example, 
20 a portion, on the side of a facet A at which a projection of 
the n electrode 3 is formed, of the device corresponds to the 
front (an emission surface of laser light) thereof, and a 
portion, on the side of a facet B at which a wide portion of 
the n electrode 3 is formed, of the device corresponds to the 
25 rear (a surface opposite to the emission surface) thereof. 
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On the other hand, a p electrode 4 is formed so as to 
cover the whole of the striped region 19a as well as to cover 
a square region including a part of the striped region 19a. 
In the p electrode 4, the forward and backward directions of 
5 the device are not distinguished. 

Thus in the semiconductor laser device 501 in this 
example, the n electrode 3 and the p electrode 4 differ in 
|;| the shape, and the n electrode 3 has an asymmetric shape in 

CO its cavity length direction. 

CO 

ftS 10 A material for the n electrode 3 and a material for the 

M* p electrode 4 are the same as those for the n electrode 1 and 

s the p electrode 2 . 

i 

tn Fig. 4 is a schematic plan view for explaining the 

rij 

positional relationship between the n electrode 3 and the p 
15 electrode 4 in the semiconductor laser device 501. Fig. 4(a) 
is a diagram in a case where the semiconductor laser device 
501 is observed from a p-GaN contact layer 18, as in Fig. 2(a) . 
Fig. 4(b) is a diagram in a case where the semiconductor laser 
device 501 is observed from the reverse surface of the 
20 transparent substrate 100, as in Fig. 2(b). 

In the semiconductor laser device 501, each of the 
layers 11 to 18 and the transparent substrate 100 are 
transparent, and the n electrode 3 and the p electrode differ 
in the shape. When the semiconductor laser device 501 is 
25 observed from the p-GaN contact layer 18, as shown in Fig. 



4(a), therefore, the p electrode 4 can be directly observed, 
and a predetermined portion (a hatched portion) of the n 
electrode 3 formed on the opposite side, that is, on the side 
of the reverse surface of the transparent substrate 100 can 
be observed upon penetrating through each of the layers 11 
to 18 and the transparent substrate 100. 

The predetermined portion of the n electrode 3 observed 
in this case is a portion, of the n electrode 3, whose shape 
does not coincide with the shape of the p electrode 4 , that 
is, a portion, of the n electrode 3,. extending out of a p 
electrode forming region. A part of the projection of the 
n electrode 3 is observed on the side of the facet A, and a 
part of the wide portion of the n electrode 3 is observed on 
the side of the facet B. 

On the other hand, when the semiconductor laser device 
501 is observed from the reverse surface of the transparent 
substrate 100, as shown in Fig. 4(b), the n electrode 3 can 
be directly observed, and a predetermined portion (a hatched 
portion) of the p electrode 4 formed on the opposite side, 
that is, on the side of the p-GaN contact layer 18 can be 
observed upon penetrating through the transparent substrate 
100 and each of the layers 11 to 18. 

The predetermined portion of the p electrode 4 observed 
in this case is a portion, of the p electrode 4, whose shape 
does not coincide with the shape of the n electrode 3, that 
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is, a portion, of the p electrode, extending out of an n 
electrode forming region. Here, the p electrode 4 can be 
observed in the vicinity of an end of the striped region 19a, 
and a part of the p electrode 4 can be observed on the side 
5 of the facet A. 

As described in the foregoing, in the semiconductor 
laser device 501, the portion, where the projection of the 
£} n electrode 3 having a projected shape is formed (on the side 

SJ of the facet A) , of the device corresponds to the front 

£p 10 thereof, and the portion, where the wide portion of the n 
electrode 3 is formed (on the side of the facet B), of the 
2 device corresponds to the rear thereof. 

m 

O 1 In the semiconductor laser device 501, when the device 

I 

^ is observed from the reverse surface of the transparent 

© 

15 substrate 100, a portion, on the side of the projection of 
the n electrode 3, of the device, that is, the front of the 
device can be directly confirmed, as shown in Fig. 4(b). 
Consequently, it is possible to easily and accurately 
distinguish the forward and backward directions of the device 

20 on the basis of the shape of the n electrode 3. 

Furthermore, in the semiconductor laser device 501, 
even when the device is observed from the p-GaN contact layer 
18, as shown in Fig. 4(a) , a part of the projection and a part 
of the wide portion of the n electrode 3 formed on the reverse 

25 surface of the transparent substrate 100 can be seen upon 
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penetrating through each of the layers 11 to 18 and the 
transparent substrate 100. Even when the device is observed 
from the p-GaN contact layer 18, therefore, the portion, on 
the side of the projection of the n electrode 3, of the device, 
5 that is, the front of the device can be easily confirmed. When 
the device is observed from the p-GaN contact layer 18, 
therefore, it is possible to easily and accurately 
p distinguish the forward and backward directions of the device 

0 on the basis of the shape of the n electrode 3 which can be 

gig 10 seen upon penetrating through each of the layers 11 to 18 and 

the transparent substrate 100. 
s As described in the foregoing, in the semiconductor 

fln laser device 501 in this example, even when the device is 

fli 

CO observed from either the p-GaN contact layer 18 or the reverse 

o 

M 15 surface of the transparent substrate 100, it is possible to 
easily and accurately distinguish the forward and backward 
directions of the device on the basis of the shape of the n 
electrode 3 . 

Furthermore, in the semiconductor laser device 501, the 
20 n electrode 3 and the p electrode 4 differ in the shape, 
thereby making it possible to distinguish the main surface 
and the reverse surface of the device on the basis of the 
shapes of the electrodes 3 and 4. 

In a semiconductor laser apparatus using the 
25 semiconductor laser device 501, it is possible to easily and 
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accurately distinguish the forward and backward directions 
of the semiconductor laser device 501 as well as to arrange 
the semiconductor laser device 501 on a sub-mount or the like 
in a correct direction to assemble the apparatus. 
5 Consequently, the yield in the assembling process of the 
semiconductor laser apparatus is improved. 

In this case, it does not take much time to distinguish 
Q the forward and backward directions of the device, thereby 
ftj making it possible to shorten the tact time in the assembling 
£y 10 process. Consequently, the work efficiency in the assembling 
h* process of the semiconductor laser apparatus is improved. 

? As described in the foregoing, in the semiconductor 

m 

0* laser apparatus using the semiconductor laser device 500, the 

fy 

j*0 fabrication efficiency thereof is improved, and the 

^ 15 fabrication cost thereof is reduced. 

Fig. 5 is a schematic perspective view showing a third 
example of the semiconductor laser device according to the 
present invention. A semiconductor laser device 502 shown 
in Fig. 5 has the same structure as the semiconductor laser 
20 device 500 shown in Fig. 1 except for the following. 

As shown in Fig. 5, in the semiconductor laser device 
502, an n electrode 5 having a square shape is formed on a 
predetermined region of the reverse surface of a transparent 
substrate 100. In this case, the n electrode 5 is not formed 
25 in the vicinity of an end of a striped region 19a. In the 
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n electrode 5 , the forward and backward directions of the 
device are not distinguished. 

On the other hand, on a p-GaN contact layer 18, a p 
electrode 6 is formed so as to cover the whole of the striped 
5 region 19a as well as to cover a projected region including 
a part of the striped region 19a. 

In the semiconductor laser device 502 in this example, 
fij a portion, on the side of a facet A at which a projection of 
ftj the p electrode 6 is formed, of the device corresponds to the 

fig 10 front (an emission surface of laser light) thereof, and a 
fa portion, on the side of a facet B at which a wide portion of 

b the p electrode 6 is formed, of the device corresponds to the 

tp 

Ep rear (a surface opposite to the emission surface) thereof. 

fU 

As described in the foregoing, in the semiconductor 

© 

fa 15 laser device 502 in this example, the n electrode 5 and the 
p electrode 6 differ in the shape, and the p electrode 6 has 
an asymmetric shape in its cavity length direction. 

A material for the n electrode 5 and a material for the 
p electrode 6 are the same as those for the n electrode 1 and 
20 the p electrode 2 . 

Fig. 6 is a schematic plan view for explaining the 
positional relationship between the n electrode 5 and the p 
electrode 6 in the semiconductor laser device 502. Fig. 6(a) 
is a diagram in a case where the semiconductor laser device 
25 502 is observed from the p-GaN contact layer 18, as in Fig. 
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2(a) . Fig. 6(b) is a diagram in a case where the semiconductor 
laser device 502 is observed from the reverse surface of the 
transparent substrate 100, as in Fig. 2(b). 

In the semiconductor laser device 502, each of the 
5 layers 11 to 18 and the transparent substrate 100 are 
transparent, and the n electrode 5 and the p electrode 6 differ 
in the shape. When the semiconductor laser device 502 is 

g3 observed from the p-GaN contact layer 18, as shown in Fig. 

jjj 6(a), therefore, the p electrode 6 can be directly observed, 

fig 10 and a predetermined portion (a hatched portion) of the n 
electrode 5 formed on the opposite side, that is, on the side 

s of the reverse surface of the transparent substrate 100 can 

S2 

yt be observed upon penetrating through each of the layers 11 

iU 

to 18 and the transparent substrate 100. 

15 The predetermined portion of the n electrode 5 observed 

in this case is a portion, of the n electrode 5, whose shape 
does not coincide with the shape of the p electrode 6, that 
is, a portion, of the n electrode 5, extending out of a p 
electrode forming region. Here, a part of the n electrode 

20 5 can be observed on the side of the facet A. 

On the other hand, when the semiconductor laser device 
502 is observed from the reverse surface of the transparent 
substrate 100, as shown in Fig. 6(b), the n electrode 5 can 
be directly observed, and a predetermined portion (a hatched 

25 portion) of the p electrode 6 formed on the opposite side. 
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that is, on the side of the p-GaN contact layer 18 can be 
observed upon penetrating through the transparent substrate 
100 and each of the layers 11 to 18. 

The predetermined portion of the p electrode 6 observed 
5 in this case is a portion, of the p electrode 6, whose shape 
does not coincide with the shape of the n electrode 5, that 
is, a portion, of the p electrode 6, extending out of an n 
p electrode forming region. Here, the p electrode 6 can be 
qij observed in the vicinity of an end of the striped region 19a, 
CQ 10 and a part of the projection of the p electrode 6 can be 
observed on the side of the facet A. Further, a part of the 

m 

a wide portion of the p electrode 6 can be observed on the side 

£p of the facet B. 

I -LI 

En As described in the foregoing, in the semiconductor 

^-15 laser device 502, the portion, where the projection of the 
p electrode 6 having a projected shape is formed (on the side 
of the facet A) , of the device corresponds to the front 
thereof, and the portion, where the wide portion of the p 
electrode 6 is formed (on the side of the facet B), of the 
20 device corresponds to the rear thereof. 

In the semiconductor laser device 502, when the device 
is observed from the p-GaN contact layer 18, as shown in Fig. 
6(a), the portion, on the side of the projection of the p 
electrode 6, of the device, that is, the front of the device 
25 can be directly confirmed. When the device is observed from 
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the p-GaN contact layer 18, therefore, it is possible to 
easily and accurately distinguish the forward and backward 
directions of the device on the basis of the shape of the p 
electrode 6 . 

Furthermore, in the semiconductor laser device 502, 
even when the device is observed from the reverse surface of 
the transparent substrate 100, as shown in Fig. 6(b), a part 
of the projection of the p electrode 6 formed on the side of 
the p-GaN contact layer 18 and a part of the wide portion 
thereof can be seen upon penetrating through the transparent 
substrate 100 and each of the layers 11 to 18. Even when the 
device is observed from the transparent substrate 100, 
therefore, the portion, on the side of the projection of the 
p electrode 6, of the device, that is, the front of the device 
can be easily confirmed. When the device is observed from 
the reverse surface of the transparent substrate 100, 
therefore, it is possible to easily and accurately 
distinguish the forward and backward directions of the device 
on the basis of the shape of the p electrode 6 which can be 
seen upon penetrating through each of the layers 11 to 18 and 
the transparent substrate 100 . 

As described in the foregoing, in the semiconductor 
laser device 502 in this example, even when the device is 
observed from either the p-GaN contact layer 18 or the reverse 
surface of the transparent substrate 100, it is possible to 
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easily and accurately distinguish the forward and backward 



directions of the device on the basis of the shape of the p 



electrode 6 . 



Furthermore, in the semiconductor laser device 502, the 



5 n electrode 5 and the p electrode 6 differ in the shape. 



Accordingly, it is possible to distinguish the main surface 



and the reverse surface of the device on the basis of the 



shapes of the electrodes 5 and 6 . 

In a semiconductor laser apparatus using the 
10 semiconductor laser device 502, it is possible to easily and 



accurately distinguish the forward and backward directions 



of the semiconductor laser device 502 as well as to arrange 



£fi the semiconductor laser device 502 on a sub-mount or the like 
yl in a correct direction to assemble the apparatus. Therefore, 
M 15 the yield in the assembling process of the semiconductor laser 
apparatus is improved. 



In this case, it does not take much time to distinguish 



the forward and backward directions of the device, thereby 



making it possible to shorten the tact time in the assembling 



20 process. Consequently, the work efficiency in the assembling 



process of the semiconductor laser apparatus is improved. 



As described in the foregoing, in the semiconductor 



laser apparatus using the semiconductor laser device 502, the 



fabrication efficiency thereof is improved, and the 



25 fabrication cost thereof is reduced. 
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Fig. 7 is a schematic perspective view showing a fourth 
example of the semiconductor laser device according to the 
present invention. A semiconductor laser device 503 shown 
in Fig. 7 has the same structure as the semiconductor laser 
5 device 500 shown in Fig. 1 except for the following. 

As shown in Fig. 7, in the semiconductor laser device 
503, an n electrode 7 having a projected shape is formed on 
frj a predetermined region of the reverse surface of a transparent 
substrate 100. In this case, the n electrode 7 is not formed 
ga 10 in the vicinity of an end of the striped region 19a. 
to On the other hand, on the p-GaN contact layer 18, a p 

B ' electrode 8 is formed so as to cover the whole of the striped 

Cf! region 19a as well as to cover a projected region including 

ffl a part of the striped region 19a. 

0 

15 Although both the n electrode 7 and the p electrode 8 

respectively have projected shapes in this case, the width 
of the projection of the n electrode 7 is smaller than the 
width of the projection of the p electrode 8. 

In the semiconductor laser device 503 in this example, 

20 a portion, on the side of a facet A at which the projections 
of the n electrode 7 and the p electrode 8 are formed, of the 
device corresponds to the front (an emission surface of laser 
light) thereof, and a portion, on the side of a facet B at 
which wide portions of the p electrode 7 and the p electrode 

25 8 are formed, of the device corresponds to the rear (a surface 
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opposite to the emission surface) thereof. 

As described in the foregoing, in the semiconductor 
laser device 503 in this example, the n electrode 7 and the 
p electrode 8 differ in the shape, and each of the p electrode 
5 7 and the p electrode 8 has an asymmetric shape in its cavity 
length direction. 

A material for the n electrode 7 and a material for the 
^ p electrode 8 are the same as those for the n electrode 1 and 
M the p electrode 2 . 

fh 

gj 10 Fig. 8 is a schematic plan view for explaining the 

}4* positional relationship between the n electrode 7 and the p 

s ' electrode 8 in the semiconductor laser device 503. Fig. 8(a) 

uJ 

£R is a diagram in a case where the semiconductor laser device 

fin 503 is observed from the p-GaN contact layer 18, as in Fig. 

UJ 

^* 15 2(a) . Fig. 8(b) is a diagram in a case where the semiconductor 
laser device 503 is observed from the transparent substrate 
100, as in Fig. 2(b). 

When the semiconductor laser device 503 is observed from 
the p-GaN contact layer 18, as shown in Fig. 8(a), the p 

20 electrode 8 can be directly observed. In this case, the n 
electrode 7 formed on the opposite side, that is, on the 
reverse surface of the transparent substrate 100 is contained 
in a p electrode forming region. When the device is observed 
from the p-GaN contact layer 18, therefore, the n electrode 

25 7 is not observed. 
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On the other hand, when the semiconductor laser device 
503 is observed from the reverse surface of the transparent 
substrate 100, as shown in Fig. 8(b), the n electrode 7 can 
be directly observed, and a predetermined portion (a hatched 
portion) of the p electrode 8 formed on the opposite side, 
that is, on the side of the p-GaN contact layer 18 can be 
observed upon penetrating through the transparent substrate 
100 and each of the layers 11 to 18. 

The predetermined portion of the p electrode 8 observed 
m 10 in this case is a portion, of the p electrode 8, whose shape 
\& does not coincide with the shape of the n electrode 7, that 

. a** 

b is, a portion, of the p electrode 8, extending out of an n 



fjl electrode forming region. Here, the p electrode 8 can be 
i! observed in the vicinity of an end of the striped region 19a, 
F?* 15 and a part of the projection of the p electrode 8 can be 
observed on the side of the facet A. 

As described in the foregoing, in the semiconductor 
laser device 503, the portion, where the projections of the 
n electrode 7 and the p electrode 8 each having a projected 
20 shape are formed, of the device corresponds to the front 
thereof, and the portion, where the wide portions of the n 
electrode 7 and the p electrode 8 are formed, of the device 
corresponds to the rear thereof. 

In the semiconductor laser device 503, when the device 
25 is observed from the p-GaN contact layer 18, as shown in Fig. 
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8(a), the portion, on the side of the projection of the p 
electrode 8, of the device, that is, the front of the device 
can be directly confirmed* When the device is observed from 
the p-GaN contact layer 18, therefore, it is possible to 
5 easily and accurately distinguish the forward and backward 
directions of the device on the basis of the shape of the p 
electrode 8 . 

^ Furthermore, in the semiconductor laser device 503, 

?h when the device is observed from the reverse surface of the 

yd 

0 10 transparent substrate 100 , as shown in Fig . 8(b), the portion, 

{fefe on the side of the projection of the n electrode 7, of the 

5 device , that is , the front of the device can be directly 

m 

ij! confirmed . When the device is observed from the reverse 

fU 

yi surface of the transparent substrate 100, therefore, it is 

M: 15 possible to easily and accurately distinguish the forward and 
backward directions of the device on the basis of the shape 
of the n electrode 7. 

As described in the foregoing , in the semiconductor 
laser device 503, even when the device is observed from either 
20 the reverse surface of the transparent substrate 100 or the 
p-GaN contact layer 18, it is possible to easily and 
accurately distinguish the forward and backward directions 
of the device on the basis of the shapes of the n electrode 
7 and the p electrode 8, 
25 Furthermore, in the semiconductor laser device 503, the 
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n electrode 7 and the p electrode 8 differ in the shape, 
thereby making it possible to easily distinguish the main 
surface and the reverse surface of the device on the basis 
of the shapes of the electrodes 7 and 8* 
5 In a semiconductor laser apparatus using the 

semiconductor laser device 503, it is possible to easily and 
accurately distinguish the forward and backward directions 
*** of the semiconductor laser device 503 as well as to arrange 
S the semiconductor laser device 503 on a sub-mount or the like 
SjlO in a correct direction to assemble the apparatus. 

j*k Consequently, the yield in the assembling process of the 

ill 

s " semiconductor laser apparatus is improved. 

d 

ffl In this case, it does not take much time to distinguish 

rti 

£11 the forward and backward directions of the device, thereby 

m 

M= 15 making it possible to shorten the tact time in the assembling 
process. Consequently, the work efficiency in the assembling 
process of the semiconductor laser apparatus is improved. 

As described in the foregoing, in the semiconductor 
laser apparatus using the semiconductor laser device 503, the 
20 fabrication efficiency thereof is improved, and the 
fabrication cost thereof is reduced. 

Fig. 9 is a schematic perspective view showing a fifth 
example of the semiconductor laser device according to the 
present invention. A semiconductor laser device 504 shown 
25 in Fig. 9 has the same structure as the semiconductor laser 
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device 503 shown in Figs. 7 and 8 except that an n electrode 
9 and a p electrode 10 have the same shape. 

In the semiconductor laser device 504 in this example, 
a portion, on the side of a facet A at which projections of 
5 the n electrode 9 and the p electrode 10 each having a 
projected shape are formed, of the device corresponds to the 
front (an emission surface of laser light) thereof, and a 
f°% portion, on the side of a facet B at which wide portions of 
the n electrode 9 and the p electrode 10 are formed, of the 

CP 

SjlO device corresponds to the rear (a surface opposite to the 
f4b emission surface) thereof. 

s Thus in the semiconductor laser device 504 in this 

CP example, the n electrode 9 and the p electrode 10 have the 
£p same shape, and each of the n electrode 9 and the p electrode 
H* 15 10 has an asymmetric shape in its cavity length direction. 

A material for the n electrode 9 and a material for the 
p electrode 10 are the same as those for the n electrode 1 
and the p electrode 2 . 

Fig. 10 is a schematic plan view for explaining the 
20 positional relationship between the n electrode 9 and the p 
electrode 10 in the semiconductor laser device 504. Fig. 
10(a) is a diagram in a case where the semiconductor laser 
device 504 is observed from the p-GaN contact layer 18, as 
in Fig. 2(a). Fig. 10(b) is a diagram in a case where the 
25 semiconductor laser device 504 is observed from the reverse 



surface of the transparent substrate 100, as in Fig. 2(b). 

In the semiconductor laser device 504, the n electrode 
9 and the p electrode 10 have the same shape, as described 
above. Even when the semiconductor laser device 504 is 
observed from either the p-GaN contact layer 18 or the reverse 
surface of the transparent substrate 100, as shown in Fig. 
10(a) or 10(b), the electrode formed on the opposite side of 
the transparent substrate 100 is not observed upon 
penetrating through each of layers 11 to 18 and the 
transparent substrate 100. 

Specifically, when the device is observed from the p-GaN 
contact layer 18, as shown in Fig. 10(a), the p electrode 10 
is only directly observed. Further, when the device is 
observed from the reverse surface of the transparent 
substrate 100, as shown in Fig. 10(b), the n electrode 9 is 
only directly observed. 

As described in the foregoing, in the semiconductor 
laser device 504, the portion, where the projections of the 
n electrode 9 and the p electrode 10 each having a projected 
shape are formed (on the side of the facet A), of the device 
corresponds to the front thereof, and the portion, where the 
wide portions of the n electrode 9 and the p electrode 10 are 
formed, of the device corresponds to the rear thereof. 

In the semiconductor laser device 504, when the device 
is observed from the p-GaN contact layer 18, as shown in Fig. 
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10(a), the portion, on the side of the projection of the p 
electrode 10, of the device, that is, the front of the device 
can be directly confirmed. When the device is observed from 
the p-GaN contact layer 18, therefore, it is possible to 
5 easily and accurately distinguish the forward and backward 
directions of the device on the basis of the shape of the p 
electrode 10. 

^ Furthermore, in the semiconductor laser device 504, 

J even when the device is observed from the reverse surface of 
(§}10 the transparent substrate 100, as shown in Fig. 10(b), the 
portion, on the side of the projection of the n electrode 9, 
J* of the device, that is, the front of the device can be directly 
fji confirmed. When the device is observed from the reverse 

ru 

@1 surface of the transparent substrate 100, therefore, it is 
15 possible to easily and accurately distinguish the forward and 

backward directions of the device on the basis of the shape 

of the n electrode 9 . 

As described in the foregoing, in the semiconductor 

laser device 504, even when the device is observed from either 
20 the reverse surface of the transparent substrate 100 or the 

p-GaN contact layer 18, it is possible to easily and 

accurately distinguish the forward and backward directions 

of the device on the basis of the shapes of the n electrode 

9 and the p electrode 10. 
25 In a semiconductor laser apparatus using the 
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semiconductor laser device 504, it is possible to easily and 
accurately distinguish the forward and backward directions 
of the semiconductor laser device 504 as well as to arrange 
the semiconductor laser device 504 on a sub-mount or the like 
5 in a correct direction to assemble the apparatus. Therefore, 
the yield in the assembling process of the semiconductor laser 
apparatus is improved. 
^ In this case, it does not take much time to distinguish 

*5 the forward and backward directions of the device, thereby 
2% 10 making it possible to shorten the tact time in the assembling 
^ process. Consequently, the work efficiency in the assembling 
B " process of the semiconductor laser apparatus is improved, 

ffl As described in the foregoing, in the semiconductor 

flfl laser apparatus using the semiconductor laser device 504, the 
1*4 15 fabrication efficiency thereof is improved, and the 
fabrication cost thereof is reduced. 

In the semiconductor laser device 504, the n electrode 
9 and the p electrode 10 having the same shape are formed at 
the same position, thereby making it difficult to distinguish 
20 the main surface and the reverse surface of the device on the 
basis of the n electrode 9 and the p electrode 10. On the 
other hand, even in the n electrode and the p electrode having 
the same shape, the forming positions thereof are shifted, 
thereby making it possible to distinguish the main surface 
25 and the reverse surface of the device from the forming 
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positions of the electrodes. This case will be described 
below. 

Fig. 11 is a schematic plan view showing a sixth example 
of the semiconductor laser device according to the present 
invention. Fig. 11(a) is a diagram in a case where a 
semiconductor laser device 505 in this example is observed 
from a p-GaN contact layer, as in Fig. 2(a). Fig. 11(b) is 
a diagram in a case where the semiconductor laser device 505 
in this example is observed from the reverse surface of a 
transparent substrate 100, as in Fig. 2(b). 

The semiconductor laser device 505 shown in Fig. 11 has 
the same structure as the semiconductor laser device 500 shown 
in Fig. 1 except for the shapes and the forming positions of 
an n electrode 111 and a p electrode 112. 

As shown in Figs. 11(a) and 11(b), in the semiconductor 
laser device 505 in this example, the n electrode 111 and the 
p electrode 112 having the same shape are formed. In this 
case, in the shapes of the n electrode 111 and the p electrode 
112, the front and the rear of the device in its cavity length 
direction are not distinguished. 

In the semiconductor laser device 505 in this example, 
the p electrode 112 is formed at a position offset toward a 
facet A in a p-GaN contact layer 18. In this case, therefore, 
a portion, on the side of the facet A at which the p electrode 
112 is arranged, of the device corresponds 



emission surface of laser light) thereof, and a portion, on 
the side of a facet B at which the p electrode 112 is not 
arranged, of the device corresponds to the rear (a surface 
opposite to the emission surface) thereof. 

In this case, the n electrode 111 is arranged at the 
center of the transparent substrate 100. Consequently, the 
forward and backward directions of the device cannot be 
distinguished by the arrangement of the n electrode 111. 

When the semiconductor laser device 505 is observed from 
the p-GaN contact layer 18, the p electrode 112 can be directly 
observed, as shown in Fig. 11(a) , and a predetermined portion 
(a hatched portion) of the n electrode 111 formed on the 
opposite side, that is, on the side of the reverse surface 
of the transparent substrate 100 can be observed upon 
penetrating through each of layers 11 to 18 and the 
transparent substrate 100. 

The predetermined portion of the n electrode 111 
observed in this case is a portion, of the n electrode 111, 
whose shape does not coincide with the shape of a p electrode 
forming region, that is, a portion, of the n electrode 111, 
formed below a region where the p electrode 112 is not 
arranged. Here, a part of the n electrode 111 is observed 
on the side of the facet B. 

On the other hand, when the semiconductor laser device 
505 is observed from the reverse surface of the transparent 



substrate 100, as shown in Fig. 11(b), the n electrode 111 
can be directly observed, and a predetermined portion (a 
hatched portion) of the p electrode 112 formed on the opposite 
side, that is, on the side of the p-GaN contact layer 18 can 
be observed upon penetrating through the transparent 
substrate 100 and each of the layers 11 to 18. 

The predetermined portion of the p electrode 112 
observed in this case is a portion, of the p electrode 112, 
whose shape does not coincide with the shape of an n electrode 
forming region, that is, a portion, of the p electrode 112, 
formed above a region where the n electrode 111 is not 
arranged. Here, a part of the p electrode 112 is observed 
on the side of the facet A. 

As described in the foregoing, in the semiconductor 
laser device 505, the portion, where the P electrode 112 is 
arranged (on the side of the facet A), of the device 
corresponds to the front thereof, and the portion, where the 
p electrode 2 is not arranged (on the side of the facet B), 
of the device corresponds to the rear thereof. 

When the semiconductor laser device 505 is observed from 
the p-GaN contact layer 18, the portion, where the p electrode 
112 is arranged, of the device can be directly confirmed, as 
shown in Fig. 11(a) . In this case, the n electrode 111 formed 
on the opposite side in a region where the p electrode 112 
is not arranged can be seen, thereby making it possible to 
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confirm the portion, where the p electrode 112 is arranged, 
of the device. When the semiconductor laser device 505 is 
thus observed from the p-GaN contact layer 18, the portion, 
where the p electrode 112 is arranged, of the device can be 
5 directly confirmed. Consequently, it is possible to easily 
and accurately distinguish the forward and backward 
directions of the device on the basis of the position where 
the p electrode 112 is arranged. 

When the device is observed from the reverse surface of 
10 the transparent substrate 100, the p electrode 112 formed on 



2jl the opposite side (on the side of the p-GaN contact layer) 

]/* can be seen upon penetrating through the transparent 

substrate 100 and each of the layers 11 to 18. Also in this 



(p. case, therefore, the portion, where the p electrode 112 is 

15 arranged, of the device can be easily confirmed. Even when 
the device is observed from the transparent substrate 100, 
therefore, it is possible to easily and accurately 
distinguish the forward and backward directions of the device 
on the basis of the position where the p electrode 112 is 
20 arranged. 

Thus in the semiconductor laser device 505, even when 
the device is observed from either the p-GaN contact layer 
18 or the reverse surface of the transparent substrate 100, 
it is possible to easily and accurately distinguish the 
25 forward and backward directions of the device on the basis 
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of the position where the p electrode 112 is arranged. 

In a semiconductor laser apparatus using the 
semiconductor laser device 505, it is possible to easily and 
accurately distinguish the forward and backward directions 
5 of the semiconductor laser device 505 as well as to arrange 
the semiconductor laser device 505 on a sub-mount or the like 
in a correct direction to assemble the apparatus. Therefore, 
^ the yield in the assembling process of the semiconductor laser 

apparatus is improved. 

ril 

10 In this case, it does not take much time to distinguish 
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the forward and backward directions of the device, thereby 
making it possible to shorten the tact time in the assembling 
process. Consequently, the work efficiency in the assembling 
process of the semiconductor laser apparatus is improved. 

15 As described in the foregoing, in the semiconductor 

laser apparatus using the semiconductor laser device 505, the 
fabrication efficiency thereof is improved, and the 
fabrication cost thereof is reduced. 

In the semiconductor laser devices 500 to 505, the 

20 structure of each of the layers 11 to 18 is not limited to 
the above-mentioned structure. Each of the layers 11 to 18 
is composed of a nitride based semiconductor containing at 
least one of Al, Ga, In, B, and Tl. 

In the semiconductor laser devices 500 to 505, the 

25 shapes of the n electrodes 1, 3, 5, 7, 9, and 111 and the p 



electrodes 2, 4, 6, 8, 10, and 112 are not limited to the 
above-mentioned shapes. In obtaining good ohmic contact 
between the transparent substrate 100 and the n electrode and 
between the p-GaN contact layer 18 and the p electrode, it 
is preferable that the areas of the n electrode and the p 
electrode are large. 

Description was made of the case where the n-type layers 
and the p-type layers are successively formed on the 
transparent substrate, the p-type layers and the n-type 
layers may be successively formed on the transparent 
substrate . 

Furthermore, although description was made of the 
semiconductor laser device having a buried ridge striped 
structure, the present invention may be applied to 
semiconductor laser devices having other structures, for 
example, a ridge striped structure and a self -aligned 
structure using an insulating film composed of SiO z or the 
like as a current blocking layer. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken byway of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims . 



